racic circumference (n = 9, 3 females aged 23-56 years and 6 males aged 28-59 years). Overall, body weight imbalance was noted in 9 (81.8%) patients and irregularity of body proportions in 6 (54.5%) patients. Conclusion: Our data showed the importance of nutritional surveillance and impact of metabolic imbalance on physical growth and body stature in untreated PKU patients. We therefore recommend an adequate and individually planned introduction of dietary intervention among that group of patients in order to ameliorate its nutritional status, general fitness and health.
Introduction
After over 30 years of compulsory neonatal screening programmes in Poland, in which 8,267,190 children throughout the country were examined, the incidence for phenylketonuria (PKU) was estimated at 1: 7,000 newborns [1, 2] . Through effective screening programmes untreated PKU has been almost eliminated in the populations of the USA, Canada, the UK, France, Germany and many other countries worldwide [3] . However, there is evidence of cases of severe intellectual and physical disability resulting from undiagnosed and/or untreated Key Words Phenylketonuria, adult ؒ Phenylketonuria, untreated ؒ Somatic development Abstract Objective: To evaluate physical growth, development and nutritional status in adults with previously undiagnosed/ untreated phenylketonuria (PKU). Methods: Four hundred adults (201 females and 199 males) with severe intellectual disability who were born prior to compulsory neonatal screening (before 1976 ) and who resided in social welfare homes in southeastern Poland were screened for PKU. The screening was performed by blood test using a tandem mass spectrometry method (MS/MS) and was confirmed by analysis of organic acids in urine. Eleven were identified as previously undiagnosed and/or untreated PKU cases. They underwent an assessment of their somatic development/status. Results: Among the 11 PKU patients (4 females and 7 males) the following characteristics were observed: poor physical growth after somatic development (n = 8, 2 females aged 23 and 56 years and 6 males aged 28-59 years); decreased head circumference -microcephaly (n = 5, 1 female aged 56 years and 4 males aged 28-59 years); poor body height (n = 2, 1 female aged 23 years and 1 male aged 59 years); poor tho-PKU [4] [5] [6] [7] [8] [9] . While a large group of patients were born with various dysfunctions typical of untreated PKU prior to obligatory screening [10] [11] [12] , some significant symptoms develop late in life [13] [14] [15] . Because of central nervous system damage, untreated PKU manifests with profound intellectual disability, severe behavioural disturbances, a variety of neurological deficits and other medical problems [13] [14] [15] . Although development of physical growth is generally normal, there are recognized characteristic physical features and abnormalities noticeable in the external appearance. Therefore, the aim of the study was to investigate whether or not chronically undiagnosed and untreated PKU could result in physical growth retardation and other aberrant physical features.
Subjects and Methods
The study was carried out during the period of December 2006 to April 2007 in all 12 social welfare homes for intellectually disabled people in southeast Poland. Residents who were born prior to the obligatory neonatal screening programme for PKU who had been diagnosed with intellectual disability (mental retardation) were enrolled in the study. Consequently, the screening test was performed on 400 residents (201 women, 199 men) born between 1917 and 1979. The mean age was 51 years (range 27-98). Two additional patients were included. One was born after the date of introduction of routine neonatal screening and was included because of suspicion of being a 'missed case'. The patient exhibited typical symptoms for classical PKU, both physical (fair colour of hair, skin, retina of the eye, enamel hypoplasia) and intellectual disability coexisting with challenging behaviour (agitation, aggression, self-injury, irritability). The other was an untreated PKU woman previously diagnosed with PKU in 1984 and who had no known family history. The screening for PKU was performed by standardized blood draw using tandem mass spectrometry method (MS/MS) and was confirmed by analysis of organic acids in urine.
Eleven patients (4 females, 7 males) were identified as being aged 23-59 years with previously untreated PKU. All were of white Polish ethnic background. The procedures followed were approved by the ethics committee, consent was obtained from legal caregivers because the majority had severe or profound intellectual disability. The following anthropometrical measurements were obtained: body height, body mass, chest circumference and head circumference. Body mass index (BMI) and Pignet-Verwaeck index (PVI) for body proportion assessment were calculated.
Qualified clinical nurses and physiotherapists carried out the measurements based on the technique recommended by Malinowski and Bożiłow [16] . The recorded data were compared with reference standards [16] . Body heights were measured in an upright basic standing position. Head circumferences were taken using the standard tailor tape and were carried out horizontally through skull glabella [points over the superior margin of eyebrow line and posterior cranium surface (major occipital convexity)]. Chest circumference (armpit circumference) was recorded by carrying the tailor tape horizontally over the highest border of the axilla and without passing the natural contour of transition arm into trunk. These measurements were performed at rest and during normal quiet expiration [16] . BMI was estimated using the standard formula, BMI = body mass (kg)/body height (m 2 ). For the purpose of determination of the body proportionality and figure (silhouette) types we estimated the PVI according to the formula: [body mass (kg) + chest circumference at rest (cm)]/ body height (cm) ؒ 100. The calculated data were analyzed according to the Saller classification for adults [16] .
Results
The results of recorded measurements together with age, sex and blood phenylalanine levels of the PKU patients are presented in table 1 . In the present study 11 untreated PKU individuals were identified among a group of 401 subjects, which indicates that the incidence of undiagnosed and untreated PKU among the intellectually disabled Polish population (especially those born before 1976) may be 1 in 40.
The mean body height for studied males was 161.6 cm (range 150-170) and for females it was 153.5 cm (range 150-155). The mean Polish adult height for males is 174.1 8 11.9 cm and for females it is 160 8 9.9 cm. The mean body weight for males was 57.6 kg (range 43.5-85) and for females it was 52.1 kg (range 33-67). For normal population males it is 76 8 18.5 kg and for females it is 62 8 17.3 kg. However, the body weight of 1 woman (67 kg) and 1 man (85 kg) was higher than the means of their gender.
The mean head circumference for males was 52.8 cm (range 50-56) and for females it was 52.5 cm (range 51-56), compared to the Polish average of 57.1 8 2.6 cm for males and 54.9 8 2.6 for females. Two females showed existence of microcephaly. Among 9 of the 11 PKU subjects (3 females and 6 males) the chest circumference was within the range for normal population.
The calculated BMI and body proportion index (PVI) are given in table 2 . The nourishment status according to BMI classification is shown in figure 1 
Discussion
PKU represents a classical example in medical history of a genetically determined metabolic disease in which secondary prophylactic intervention effectively prevents the disease consequences through early recognition and introduction of treatment at a symptomatic stage. Over the last 40 years, the efficacy of neonatal screening programmes for PKU in Poland, and worldwide, has been proven through the investigation of millions of newborns. In this study the 11 cases of previously untreated PKU adults were similar to 17 cases out of 975 residents reported in the region of Western Pomerania [9, 10] . For Polish adults, average height for males is 174.1 8 11.9 cm and for females it is 160 8 9.9 cm; average weight for males is 76 8 18.5 kg and for females it is 62 8 17.3 kg; average head circumference for males is 57.1 8 2.6 cm and for females it is 54.9 8 2.6 cm; average chest circumference for males is 93.5 8 11.6 cm and for females it is 80.8 8 13.0 cm. Mean life span of 49.9 years in our study was slightly higher than the 40.4 years found in the other studies, but the oldest untreated patient was approximately the same age (59 years in our study vs. 57.8 in the other studies) [10] [11] .
The last decades of research and clinical experience have shown that in untreated PKU patients somatic development generally remains normal, but that some other abnormal characteristics appear to be inevitable. The reports published in worldwide literature [17] [18] [19] show a diversity of opinion in relation to physical impairment that could be related to the phenotype variety of this disease. Apart from microcephaly (noted in 68-94% of patients) in originally untreated PKU a common phenomenon was physical growth retardation (decreased body height and underweight, ranging from mild to extreme emaciation) [17] . In the early 70's in Poland, Goncerzewicz and Socha [18] found poor physical growth among children with chronically untreated PKU. Holm and Knox [19] found that among 323 patients with clinically diagnosed but untreated PKU, posture was assessed as normal, but in 31 institutionalized cases the mean body height and head circumference decreased. Giżewska et al. [11] reported similar findings in 17 adults with previously untreated or only temporarily treated PKU. The findings of our study confirmed these previous reports. Equally, the number of subjects who were overweight and classified as pre-obese and obese class 1 in our study is consistent with excessive body mass recorded as overweight in the course of previously and chronically untreated PKU [4, 8, 20] . Taking these into account, the presence of poor height, body weight, chest circumference and also the existence of microcephaly found in the majority of our patients, we suggest that growth retardation and emaciation could be regarded as long-lasting effects of chronically untreated PKU on overall physical growth development.
Several authors [4, 8, 11] have demonstrated the evidence of positive changes in BMI among chronically and previously untreated PKU adults after introduction of a low-phenyloalanine diet. Giżewska et al. [11] showed normalization of BMI by lowering phenyloalanine blood levels in 3 of 4 patients with abnormal BMI. Yannicelli and Ryan [8] and Fitzgerald et al. [4] demonstrated improvement in body mass through dietary intervention and lowering phenyloanine blood levels, respectively.
Conclusions
Our data show the importance of nutritional surveillance and impact of metabolic imbalance on physical growth status and body stature in untreated PKU patients. We therefore recommend an adequate and individually planned introduction of dietary intervention among that group of patients in order to ameliorate their nutritional status, general fitness and health.
